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Abstract

Aim: Postoperative atrial fibrillation (POAF) is a known risk factor for morbidity and mortality following cardiac
surgery though contemporary resource utilization data is limited. We hypothesize that POAF increases the length
of stay, hospital cost, and discharges to facilities, though this trend may be tempering over time.

Methods: Records were extracted for all patients in a regional database who underwent coronary artery bypass
grafting, aortic valve replacement, or both (2012-2020). Patients without a history of atrial fibrillation were
stratified by POAF for univariate analysis. Patients were propensity-score matched to account for baseline,
operative, and postoperative differences.

Results: Of the 27,307 cardiac surgery patients, 23% developed POAF. Matching resulted in 5926 well-balanced
pairs of patients with and without POAF. Every metric of resource utilization was higher for patients with POAF,
including ICU length of stay (58 h vs. 49 h, P < 0.0001), postoperative length of stay (7 days vs. 5 days, P <
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0.0001), discharge to a facility (27% vs. 23%, P < 0.0001), and readmission (11% vs. 8%). The mean additional
total hospital cost attributable to POAF was $6705 by paired analysis. A sensitivity analysis of only patients
without major complications demonstrated similarly increased resource utilization for patients with POAF.

Conclusions: POAF was associated with an increased 9 additional ICU hours, 2 postoperative days, 18% more
discharges to a facility, and 33% greater readmissions. An additional $6705 is associated with POAF. These
conservative estimates demonstrate the broad impact of POAF on in and out of hospital resource utilization that
warrants future efforts at containment and quality improvement.

Keywords: Atrial fibrillation, cardiac surgery, resource utilization, cost

INTRODUCTION

Postoperative atrial fibrillation (POAF) is one of the most common complications after cardiac surgery. For
coronary artery bypass graft (CABG) patients the incidence is approximately 25%-30%, while after aortic
valve replacement (AVR), the incidence is 30%-40%, and combined CABG/AVR has the highest incidence
at over 35%". Onset of POAF is a time-related hazard with peak incidence on postoperative day two that
declines over the following week”. The causes of POAF are multifactorial and include preoperative
structural changes and perioperative proarrhythmic adrenergic activation, inflammation, oxidative stress,

1,3,4]

and electrolyte derangement'>*.

There is clear evidence that POAF increases morbidity and resource utilization. However, there are
considerable limitations to the estimations. The studies are retrospective, observational studies with all the
limitations that apply. Assessments of resource utilization largely utilize preoperative risk factors and risk
scores for adjustment. Finally, most do not account for other complications known to also increase resource
utilization. There is significant co-linearity of POAF and other complications that obscure a clear
delineation of the true impact of POAF. However, since prior estimates of total healthcare costs of POAF
were $1 billion back in 2008, continued efforts to update and improve resource utilization estimates are
warranted'.

The Virginia Cardiac Services Quality Initiative (VCSQI) is a regional consortium of hospitals that uniquely
includes both clinical and cost data. This large cohort of patients represents an ideal opportunity to further
clarify potential associations of POAF with complications and resource utilization. We hypothesized that
POAF is associated with increased morbidity and resource utilization. Furthermore, we believe that efforts
to decrease POAF may have limited the increase in resource utilization over time as compared with overall
cost trends in cardiac surgery.

METHODS

Patient data

The VCSQI is a regional collaborative of 18 hospitals in Virginia. Hospitals submit clinical data using the
Society of Thoracic Surgeons (STS) data entry forms. Cost data is submitted using Uniform Billing-04 forms
which include final hospital charges. Clinical and cost data are merged at the patient level. Charges are
classified by the International Classification of Diseases revenue codes into cost buckets. The charges are
then multiplied by corresponding cost-to-charge ratios. Cost data were then adjusted for medical inflation
using the market basket for the Centers for Medicare and Medicaid Services Inpatient Prospective Payment
System, and presented in 2020 dollars".
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Data use and business associate agreements are in place with all members, VCSQI and the database vendor
(ARMUS Corporation, Foster City, CA). The primary objective of the VCSQI is quality improvement,
including prior work on the prevention of POAF. As this analysis represents a secondary analysis of the
registry without Health Insurance Portability and Accountability Act identifiers, it is exempt from
Institutional Review Board review per University of Virginia IRB policy.

De-identified records for all isolated CABG, AVR, and CABG/AVR patients from January 2012 through
December 2020 were extracted from the VCSQI data registry. Patients were excluded for missing atrial
fibrillation status, preoperative risk scores, and missing or zero charge data. Patients with arrhythmias at
baseline were excluded. A subgroup analysis was performed, excluding patients with major complications
after surgery (STS major morbidity). All clinical variables utilize standard STS definitions, including
operative mortality (30-day or in-hospital mortality) and major morbidity (permanent stroke, prolonged
ventilation, reoperation for any reason, renal failure, and deep sternal wound infection)'.

Statistical analysis

Categorical variables are presented as counts (%) and continuous variables as median [25th, 75th
percentile]. Cost data is presented as both median [25th, 75th percentile] and mean + standard deviation
(SD) to best clarify total cost implications. Patients were stratified by POAF for univariate analysis using the
Chi-square test for categorical variables and Mann-Whitney U-test for continuous variables. Data
missingness was low, no imputation was used for this first set of analyses, and missing data points were
excluded from the corresponding analysis. Henceforth this group will be called the pre-match cohort.

To account for baseline and postoperative differences, patients were propensity-score matched by POAF
status. Data missingness was accounted for with simple imputations where variables with < 5% missing data
were imputed using the methodology described in the creation of the STS risk models”. This includes the
lower risk category for categorical variables and the median for continuous variables, with gender-specific
medians for body surface area. Next, propensity scores were created using logistic regression and 35
variables, including demographics, preoperative risk factors, and postoperative complications
[Supplementary Table 1]. Patients were then matched using a greedy algorithm from 8 to 3 digits of the
propensity score, matching sequentially without replacement. The logistic regression and match were
optimized in an iterative manner using standardized mean differences (SMD) and propensity score
histograms. An SMD of < 0.1 was considered well balanced. A sensitivity analysis was performed by
matching the second cohort of patients without major morbidity or mortality. The matched cohort was
compared by unpaired univariate analyses, except for cost differences where differences between matched
pairs were computed and also compared by Wilcoxon signed-rank test. As P-value less than 0.05
determined statistical significance. All statistical analyses were carried out using SAS Version 9.4 (SAS
Institutive, Cary, NC), graphics were created with Prism 8.0 (GraphPad, San Diego, CA).

RESULTS

Patient and operative characteristics

A total of 37,676 patients underwent CABG and/or AVR, of whom 1344 (3.63%) had a history of atrial
fibrillation and were excluded. After additional exclusion of patients with other documented preoperative
arrhythmia, as well as those lacking data for STS predicted risk of mortality, cost data, year of surgery, or
POAF, 27,307 patients were identified for analysis. Of these 27,307 patients, 6315 (23.1%) developed POAF
[Supplementary Table 2].


https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202207/4662-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202207/4662-SupplementaryMaterials.pdf

Page 4 of 11 Hawkins et al. Vessel Plus 2022;6:42 | https://dx.doi.org/10.20517/2574-1209.2021.116

Patients who developed POAF were older (70 median years of age vs. 64 median years of age, P < 0.001), less
likely to be women (25.0% vs. 27.7%, P < 0.001), and, in general, had a higher burden of comorbid disease
including hypertension (89.1% vs. 86.4%, P < 0.001), diabetes (44.3% vs. 47.1%, P < 0.001), moderate to
severe chronic lung disease (12.2 % vs. 9.92%, P < 0.001), and heart failure (31.7% vs. 28.2%, P < 0.001).
Patients who developed POAF were less likely to receive a preoperative beta-blocker, relative to those who
did not develop POAF (86.7% vs. 88.2%, P = 0.002). STS predicted risk of mortality was significantly greater
for patients who developed POAF (1.46% vs. 1.02%, P < 0.001).

Patients developing POAF were less likely to receive surgery on an emergent or urgent basis, relative to
those not developing POAF (52.9% vs. 57.8%, P < 0.001). A significantly greater proportion of POAF
patients had an IABP placed during their hospitalization, relative to those without POAF (7.68% vs. 6.44%, P
< 0.001). Rates of POAF did vary significantly by procedure, and the number of disease coronary arteries
present (P < 0.001 for both). Patients with POAF underwent longer cross-clamp (75.0 min vs. 70.0 min, P <
0.001) and cardiopulmonary bypass times (101 min vs. 94.0 min, P < 0.001), relative to those without POAF.

Postoperative outcomes and resource utilization

By univariate analysis POAF was associated with significantly increased rates of STS operative mortality
(3.04% vs. 1.43%, P < 0.001), and major morbidity (13.7% vs. 6.07%, P < 0.001). Incidence of cardiac arrest
(2.95% vs. 1.02%, P < 0.001), pneumonia (3.71 vs. 1.15, P < 0.001), and transfusion requirement (34.4% vs.
21.5%, P < 0.001) was elevated among patients who developed POAF relative to those who did not
[Supplementary Table 3].

POAF was also associated with significantly increased resource utilization. On univariate analysis
postoperative length of stay (7.0 days vs. 5.0 days, P < 0.001), intensive care unit (ICU) length of stay (67.0 h
vs. 46.0 h, P < 0.001), discharge to facility (29.2% vs. 16.6%, P < 0.001), and readmission (11.7% vs. 8.15%, P <
0.001) were all significantly increased among patients with POAF vs. those without POAF. Total hospital
costs were significantly increased for patients who developed POAF, relative to those who did not ($42,324
vs. $36,682, P < 0.001).

Propensity matched baseline and operative characteristics

A total of 5926 pairs of patients were matched between POAF and no POAF patients. These were well
matched with all baseline covariates having a standardized mean difference of < 10% [Table 1,
Supplementary Figures 1 and 2]. Median predicted risk of mortality was similar between both groups of
matched patients (1.32% vs. 1.29%, P = 0.505).

Risk-adjusted outcomes and resource utilization

After risk adjustment, there were no significant differences between groups for postoperative morbidity or
mortality [Table 2]. However, postoperative atrial fibrillation continued to be associated with increased
resource utilization, including transfusion, increased postoperative length of stay, ICU length of stay,
discharge to facilities, and readmission.

The unpaired cost comparisons are seen in [Table 2], with visual representation of mean total and sub-
group costs in [Figure 1]. On paired univariate analysis the mean additional cost (95% confidence interval)
associated with postoperative atrial fibrillation was $6705 (5568-7842) in total hospital cost, $3159 (2720-
3598) for total stay cost, $699 (545-854) for diagnostic cost, $799 (391-1207) for intervention cost, $1971
(1599-2342) for general care cost, and $77 (2-152) for other costs. All paired differences were statistically
significant at P < 0.0001 except for other cost (P = 0.047). Cost estimates over times did not demonstrate
either an upward or downward trend [Figure 2].
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Table 1. Baseline and operative characteristics by POAF status of the matched cohort
POAF No POAF SMD P-value
(n=5926) (n=5926)
Age 69.0 (63.0-75.0) 69.0 (63.0-75.0) 0.01 0.716
BSA 2.10(1.92-2.27) 2.09 (1.92-2.26) 0.00 0.449
Female 25.0 (1483) 25.6 (1514) 0.01 0.534
Hypertension 88.9 (5267) 88.6 (5251) 0.01 0.853
Diabetes 44.6 (2642) 44.2 (2617) 0.01 0.781
Dialysis dependent renal failure 2.73 (162) 2.82(167) 0.01 0.337
Prior stroke 8.49 (503) 7.75 (459) 0.02 0.235
Smoker 40.9 (2424) 40.1(2377) 0.02 0.763
Peripheral arterial disease 14.5 (857) 13.8 (819) 0.02 0.404
Chronic lung disease (moderate/severe) 28.6 (1693) 28.8 (1706) 0.00 0.826
Prior myocardial infarction 45.4 (2692) 44.8 (2655) 0.01 0.606
Heart failure 30.9 (1831) 31.6 (1870) 0.01 0.285
Ejection fraction (%) 55.0 (50.0-60.0) 55 (49.0-60.0) 0.01 0.674
Preoperative beta-blocker 86.7 (5135) 86.4 (5120) 0.01 0.601
Prior valve surgery 0.88 (52) 1.11(66) 0.02 0.827
Prior CABG 2.06 (122) 2.02 (120) 0.00 0.416
Prior cardiac surgery 3.07 (182) 3.27 (194) 0.01 0.460
Urgent or emergent status 52.3(2696) 51.4 (2652) 0.00 0.386
Intra-aortic balloon pump (IABP) 7.21(427) 7.39 (438) 0.00 0.229
Predicted risk of mortality 1.32(0.75-2.42) 1.29 (0.76-2.40) 0.00 0.505
Operative characteristics POAF No POAF SMD  P-value
(n=5926) (n=5926)
Procedure 0.03 0.915
CABG 75.5 (4472) 75.5 (4475)
AVR 13.9 (826) 14.4 (851)
CABG/AVR 10.6 (628) 10.1(600)
Number of diseased vessels 0.00 0.958
Zero 10.6 (630) 1.2 (663)
One 6.72 (398) 6.53 (387)
Two 18.1(1075) 17.8 (1053)
Three 64.5 (3823) 64.5(3823)
Cross clamp time (min) 71.0 (51.0-92.0) 71.0 (52.0-92.0) 0.01 0.753
Cardiopulmonary bypass time (min) 100.0 (78.0-126.0) 98.0 (77.0-124.0) 0.02 0.145

NYHA: New York Heart Association; POAF: postoperative atrial fibrillation; ECMO: extracorporeal membrane oxygenation; AVR: aortic valve

replacement; CABG: coronary artery bypass graft.

Sensitivity analysis: patients without post-operative major morbidity or mortality

A sensitivity analysis was undertaken among patients who did not experience postoperative major

morbidity or mortality. 5169 pairs of patients were included in the sensitivity analysis. Similar before, these

pairs were well matched with all baseline covariates having a standardized mean difference of < 10%
[Table 3]. Median predicted risk of mortality was similar between both groups of matched patients (1.32%

vs. 1.29%, P = 0.985).

The unpaired cost comparisons are seen in [Table 4]. On paired univariate analysis the mean additional cost
(95% confidence interval) associated with postoperative atrial fibrillation was $4407 (3690-5123) in total
hospital cost, $2357 (2052-2662) for total stay cost, $412 (310-514) for diagnostic cost, $603 (278-929) for
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Table 2. Outcomes by POAF status of the match cohort

Characteristics POAF No POAF P-value
(n=5926) (n =5926)

STS operative mortality 2.21(131) 2.35(139) 0.622
STS major morbidity 10.9 (646) 1.1(657) 0.747
Permanent stroke 1.27 (75) 1.47 (87) 0.343
Prolonged ventilation 5.87 (348) 5.97 (354) 0.815
Renal failure 2.95 (175) 2.38 (141) 0.053
Deep sternal wound infection 0.30 (18) 0.42 (25) 0.285
Reoperation, any cause 3.14 (186) 3.27 (194) 0.677
Transfusion, any 31.8 (1887) 26.5 (1573) <0.001
Postoperative LOS (days) 7.0 (5.0-9.0) 5.0 (4.0-7.0) <0.001
ICU LOS (h) 57.6 (29.0-104) 48.5(27.2-80.0) <0.001
Discharge to facility 27.2 (1611) 23.0 (1362) <0.001
Readmission 11.3(633) 8.54 (477) <0.001
Total hospital cost 41,433 (32,802-54,678) 37,457 (30,578-48,169) <0.001
Total stay cost 12,052 (8347-17,949) 9889 (6968-14,474) <0.001
Diagnostic cost 3167 (2100-5029) 2822 (1949-4284) <0.001
Intervention cost 17,893 (14,231-24,360) 17,566 (13,882-23,525) <0.001
General care cost 6048 (4046-9161) 5123 (3471-7689) <0.001
Other care cost 0 (0-330) 0 (0-283) 0.200

ICU: Intensive care unit; LOS: length of stay; POAF: postoperative atrial fibrillation; PRBC: packed red blood cells; STS: Society of Thoracic
Surgeons.

intervention cost, $1063 (843-1284) for general care cost, and $-29 (-100-42) for other costs. All paired
differences were statistically significant at P < 0.001 except for other cost (P = 0.427).

DISCUSSION

This large multi-institutional study from the Southeastern United States demonstrated significant baseline
differences between patients with vs. without POAF consistent with known risk factors [Supplementary
Table 2]. After matching, there was a risk-adjusted association between POAF and increased resource
utilization, including length of stay, hospital costs, discharge to facilities, and readmission. Although risk
adjustment can be difficult in this population, patients were matched on preoperative, intraoperative, and
postoperative complications, thereby providing conservative estimates for the impact of POAF. The
additional total hospital cost attributable to postoperative atrial fibrillation was a mean of $6705 by paired
analysis, and $4407 in a sensitivity analysis. Component costs of hospital stay, diagnostics, intervention, and
general care were all similarly increased in patients with POAF. The overall postoperative length of stay was
2 days, and ICU length of stay was 9 h longer for POAF patients. Finally, patients with POAF were 18%
more likely to be discharged to a facility, and 33% more likely to be readmitted.

Prior work from our group has identified the incremental costs associated with certain complications, and
the accumulation of multiple major morbidities increases costs exponentially"®'". Furthermore, patients
who develop a single complication are at increased risk for subsequent complications, and these additional
costs should be modeled on a logarithmic order. While the STS risk predictor tool does an outstanding job
predicting many clinical outcomes, the society does not offer a POAF risk predictor because of poor model
performance. Additionally, the existing STS models do accurately risk-adjust for cost">"*. It is extremely
rare for studies evaluating POAF to adjust for postoperative complications, yet it is critical to do so as POAF
and other major morbidities are correlated due to increases in the underlying etiologies of POAF"™.
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Table 3. Baseline and operative characteristics by POAF status of the matched subgroup of patients not experiencing major

morbidity or mortality

POAF No POAF SMD P-value
(n = 5159) (n = 5159)
Age 69.0 (63.0-75.0) 69.0 (63.0-75.0) 0.01 0.716
BSA 2.09 (1.92-2.27) 2.08 (1.92-2.26) 0.01 0.449
Female 24.3(1252) 23.7(1225) 0.01 0.534
Hypertension 88.5 (4568) 88.4 (4562) 0.00 0.853
Diabetes 43.0 (2219) 43.3(2233) 0.01 0.781
Dialysis dependent renal failure 2.36 (122) 2.73 (141) 0.02 0.235
Prior stroke 7.97 (411) 7.46 (385) 0.02 0.337
Smoker 39.3(2027) 39.6 (2042) 0.01 0.762
Peripheral arterial disease 13.8 (712) 13.2 (683) 0.02 0.404
Chronic lung disease (moderate/severe) 27.7 (1431) 27.5(1421) 0.00 0.826
Prior myocardial infarction 441 (2274) 43.6 (2248) 0.01 0.606
Heart failure 29.9 (1491) 28.0 (1442) 0.02 0.285
Ejection fraction (%) 55.0 (50.0-60.0) 55.0 (50.0-60.0) 0.01 0.674
Preoperative beta-blocker 86.7 (4466) 86.9 (4484) 0.01 0.601
Prior valve surgery 0.85 (44) 0.81(42) 0.00 0.828
Prior CABG 2.04 (105) 2.27(M7) 0.02 0.416
Prior cardiac surgery 2.97 (153) 3.22 (166) 0.01 0.460
Urgent or emergent status 52.3(2696) 51.4 (2652) 0.02 0.386
Intra-aortic balloon pump (IABP) 5.41(279) 4.88 (252) 0.02 0.229
Predicted risk of mortality 1.32 (0.75-2.42) 1.29 (0.76-2.39) 0.00 0.985
Operative characteristics POAF No POAF SMD P-value
(n=5159) (n=5159)
Procedure 0.00 0.915
CABG 75.3(3885) 75.5(3896)
AVR 14.3 (740) 14.4 (742)
CABG/AVR 10.4 (534) 10.1(521)
Number of diseased vessels 0.00 0.958
Zero 11.1(571) 1.0 (566)
One 6.86 (354) 6.65 (343)
Two 18.6 (961) 18.9 (976)
Three 63.4 (3273) 63.5 (3274)
Cross clamp time (min) 71.0 (51.0-91.0) 70.0 (52.0-92.0) 0.01 0.753
Cardiopulmonary bypass time (min) 99.0 (78.0-125) 98.0 (77.0-123) 0.01 0.145

NYHA: New York Heart Association; POAF: postoperative atrial fibrillation; ECMO: extracorporeal membrane oxygenation; AVR: aortic valve

replacement; CABG: coronary artery bypass graft.

Therefore, this study cannot assess the impact of POAF on postoperative complications, although it does

isolate the impact of POAF on resource utilization.

Because of this extensive risk adjustment, the estimates provided in this study are conservative, and fall at
the low end of published literature. For example, an additional 9 h in the ICU and 2 days overall, falls at the
low end of estimates, which range from 12-48 h of ICU time and 2-5 overall days™****. Approximately 13%

of readmissions are attributable to atrial fibrillation, yet few studies analyze this outcome in a risk-adjusted

manner™. In this study, we found a 33% increase in readmissions, which actually mirrors the unadjusted

estimates"”. Finally, our POAF associated cost estimates fall at the low end, which typically ranges from
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Table 4. Outcomes by POAF status of the matched subgroup of patients not experiencing major morbidity or mortality

Characteristics POAF No POAF P-value
(n =5159) (n =5159)
STS operative mortality 0 0 N/A
STS major morbidity 0 0 N/A
Permanent stroke 0 0 N/A
Prolonged ventilation 0 0 N/A
Renal failure 0 0 N/A
Deep sternal wound infection 0 0 N/A
Reoperation, any cause 0 0 N/A
Transfusion, any 26.4 (1362) 22.4 (1153) <0.001
Postoperative LOS (days) 7.0 (5.0-9.0) 5.0 (4.0-7.0) <0.001
ICU LOS (h) 50.5(27.5-94.4) 47.1(26.4-72.8) <0.001
Discharge to facility 24.2 (1249) 21.2 (1092) <0.001
Readmission 10.8 (539) 7.49 (372) <0.001
Total hospital cost 39,598 (31,960-50,362) 36,142 (29,773-44,526) <0.001
Total stay cost 11,384 (8073-16,130) 9429 (6720-13,273) <0.001
Diagnostic cost 2968 (2019-4487) 2677 (1869-3962) <0.001
Intervention cost 17,352 (13,978-23,244) 16,942 (13,720-22,207) <0.001
General care cost 5633 (3855-8013) 4893 (3298-6932) <0.001
Other care cost 0 (0-232) 0(0-204) 0.857

ICU: Intensive care unit; LOS: length of stay; POAF: postoperative atrial fibrillation; PRBC: packed red blood cells; STS: Society of Thoracic
Surgeons.

Cost Comparison by POAF Status

Total Hospital Cost
Total Stay Cost
Diagnostic Cost BE No POAF
Intervention Cost e Yes POAF

General Care Cost

Other Care Cost

$0 $50,000 $100,000
2020 Dollars

Figure 1. Cost subgroups by postoperative atrial fibrillation status showing mean =+ standard deviation in 2020 dollars.

$10,000-$20,000"". Total costs attributable to POAF were between $4407 (the mean by paired analysis in
patients without major complications) and $6705 (mean of paired analysis among all matched pairs). There
can be widely different courses of postoperative atrial fibrillation, and this variability makes simple and
precise estimates of resource utilization difficult. This can be seen in the wide confidence intervals of
[Figure 1], and the variability in cost estimates over time in [Figure 2]. Although the results are semi-
imprecise estimates, the impact is consistent over time and broad, impacting all subgrouping of cost and all
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Cost by year

8000
General Care Cost
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Figure 2. Mean cost for each subgroup and total hospital cost over time.

stages of postoperative care (ICU, acute care, and outpatient).

In the current environment of quality improvement and focus on protocol-driven care, it is critical to
evaluate and understand the implications of postoperative complications as well as targeted approaches to
reduce these events. Prophylactic amiodarone is one such intervention that has been demonstrated to
reduce the rate of POAF™ ). Our group has previously evaluated the cost-effectiveness of this intervention
demonstrating prophylactic amiodarone was cost-effective with a savings of $458 per patient treated"'.
While there are many pitfalls in designing, implementing, and evaluating the success of targeted
interventions, it is critical to continuously analyze the outcome to ensure continued effectiveness”. Cardiac
surgery programs may be inundated with various protocols and initiatives to improve the overall care of
patients. However, using the value framework, these initiatives should be evaluated on the basis of cost-
effectiveness using specific cost estimates that have been derived in this study. The persistence of POAF and
stability of cost implications over time shows the difficulty in implementing protocols to reduce its impact
on clinical outcomes and resource utilization.

Given the current crisis in healthcare costs and lack of transparency in pricing, it is critical to define
resource utilization. In order to more appropriately account for these healthcare-related expenses, it is
paramount to understand and quantify the impact of adverse events after cardiac surgery. A recent paper
from our group investigated the effects of bundled payments for CABG and identified postoperative
complications, including POAF, to be a major driver of cost variability"*. Any moves toward bundled
payment will include postoperative care, typically up to 90 days. Our finding of an 18% increase in
discharges to a facility significantly increases overall resource utilization, and in a way that hospitals and
practices may be responsible for in the future. Additionally, the COVID-19 pandemic has stressed our
health systems to the breaking point, highlighting the importance of resources, including bed allocation,
critical care resources, and healthcare providers. By better understanding and predicting the complex
healthcare needs of cardiac surgery patients, we can allocate appropriate resources and develop health
system-wide strategic plans.
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The limitations of this study include its retrospective nature with the risk of selection bias and the inability
to determine causality. Risk adjustment was performed using propensity matching, although this does not
account for unmeasured confounders. One important unmeasured factor is perioperative hemodynamics,
which is unfortunately not available within the regional STS database. This missing information limits a
specific analysis of how POAF increases the length of stay, whether that is from hemodynamic instability,
anti-arrhythmic or anticoagulation initiation, or other unmeasured aspects of care. While we have data on
discharge medications, we do not know the conversion rate and the number of patients discharged in sinus
rhythm, although this can be expected to be 95%"”. Data incompleteness is another inherent limitation of
database studies, and the number of patients identified with preoperative atrial fibrillation may be a small
underestimate at 3.6%"”. Finally, only short-term outcomes could be analyzed due to the limited data
available in all STS-related databases.

In conclusion, in this regional analysis of the Southeastern United States, postoperative atrial fibrillation was
associated with between $4407 and $6705 in total hospital costs after adjusting for baseline risk and other
postoperative complications. Nearly all component costs were similarly higher for patients with POAF. The
additional $3159 in total stay costs were driven by an increased length of stay of 2 days overall, and 9 h in
the ICU. The increase in resource utilization extends beyond the index hospitalization, including increased
discharges to a facility and a higher number of readmissions. These results reinforce the continued
monetary and clinical impacts of postoperative atrial fibrillation on cardiac surgery patients and providers.
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